draft 



OO 

o 
o 

Oh: 

< 

00 



in 

•4— > 
CO 



T3 

C 

o 

(N 
> 

(N 

\o 

(N 

O 
00 

o 



% 



Magneto-transport properties governed by the antiferromagnetic fluctuations in heavy 
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In quasi-two dimensional Ce(Ir,Rh)Ins system, it has been suggested that the phase diagram 
contains two distinct domes with different heavy fermion superconducting states. We here re- 
port the systematic pressure dependence of the electron transport properties in the normal state 
of CeRho.2Iro.sIn5 and Celrln 5 , which locates in first and second superconducting dome, respec- 
tively. We observed non-Fermi liquid behavior at low temperatures in both compounds, includ- 
ing non-quadratic T— dependence of the resistivity, large enhancement of the Hall coefficient, and 
the violation of the Kohler's rule in the magnetoresistance. We show that the cotangent of Hall 
angle cot Qh varies as T 2 , and the magnetoresistance is quite well scaled by the Hall angle as 
Apii/pn oc tan 2 Oh- The observed transport anomalies are common features of CeMIns (M=Co, 
Rh, and Ir) and high-T c cuprates, suggesting that the anomalous transport properties observed 
in Celrlns are mainly governed by the antiferromagnetic spin fluctuations, not by the Ce-valence 
fluctuations which has been proposed to be the possible origin for the second superconducting dome. 

PACS numbers: 71.27.+a,74.25.Fy,74.25.Dw,74.70.Tx 



I. INTRODUCTION 

The resent discoveries of heavy fermion compounds 
CeMIns (M=Rh, Co, and Ir) give a unique opportu- 
nity to elucidate the interplay between the magnetism 
and the superconductivity. The ground state of these 
compounds can be tuned by pressure and chemical dop- 
ing. CeCoIngi and Celrlng^ are superconductors with 
the transition temperature T c = 2.3 K and 0.4 K at am- 
bient pressure, respectively. On the other hand, CeRhlng 
is an antiferromagnet with T/v = 3.8 K at ambient pres- 
sure and shows superconductivity under pressured In 
CeCoIns and CeRhlns, the thermodynamic and trans- 
port properties in the normal state exhibit a striking 
deviation from conventional Fermi liquid behavior) 4 ^ 5 -^ 
which is commonly observed in the systems in the vicin- 
ity of the antiferromagnetic (AF) quantum critical point 
(QCP). Then it is widely believed that the superconduc- 
tivity in CeRhIn5 and CeCoIns is closely related to the 
AF fluctuations. 

Recently, it has been suggested that Celrlns should 
be distinguished from CeCoIn 5 and CcRhIn 5 , although 
all three compounds share similar quasi-two dimensional 
(2D) band structure. 7 ' 8 Figure 1 depicts the schematic 
temperature - x (T-x) phase diagram of CeRhi-^Ir^Ins 
and temperature - pressure (T-P) phase diagram of 
Celling M^ In this system the Rh substitution for Ir in- 
creases the c/a ratio, acting as a negative chemical pres- 
sure that increases AF correlations. In CeRhi-^Ir^Ins, 
the ground state continuously evolves from AF metal 
(x < 0.5) to superconductivity (x > 0.5). T c shows 
a maximum at x ~ 0.7 and exhibits a cusp-like min- 
imum at x ~ 0.9, forming a first dome (SCI). The 



superconductivity nature in SCI, which occurs in the 
proximity to AF QCP, should be essentially the same 
as CeCo(Ini_ ;c Cd a; )5 12 and CeRhIn 5 ^ The strong AF 
fluctuations associated with the AF QCP nearby are ob- 
served in SCli 10 ' 13 In Celrlns [x — 1), T c increases with 
pressure and exhibits a maximum (T c = 1 K) at P ~ 
3 GPa, forming a second dome (SC2). The AF fluctu- 
ations in SC2 far from the AF QCP are strongly sup- 
pressed, compared with those in SCL 10 i 13 ' 14 Moreover, 
it has been reported that the nature of the crossover be- 
havior from non- Fermi to Fermi liquid in strong magnetic 
fields for Celrlns is very different from that for CeCoIns 
and CeRhlnsJ^ii&i 7 . 

From the analogy to CeCu2(Sii_ a; Ge a ;)2 with two dis- 
tinct superconducting domes f^ a possibility that the Ce- 
valence fluctuations play an important role for the nor- 
mal and superconducting properties in Celrlns has been 
pointed out^ For instance, it has been suggested that 
while the superconductivity in SCI is magnetically medi- 
ated, the superconductivity in SC2 may be mediated by 
the Ce-valence fluctuations^ Thus the major outstand- 
ing question is whether the Ce-valence fluctuations play 
an important role for the physical properties of Celrlns 
in SC2 phase. Our previous studies indicate that the 
transport coefficients, including resistivity, Hall effect, 
and magnetoresistance, can be powerful tools to probe 
the AF spin fluctuations. 21 ! 22 ' 23 In this paper, we report 
the systematic pressure study of the transport properties 
for CcRho.2lro.8 in 5 and Celrlns, which locates in SCI 
and SC2 phase, respectively. We provide several pieces 
of evidence that all the anomalous transport properties 
observed in Celrln 5 and CeRho.2Iro.8ln5 originate from 
the AF spin fluctuations irrespective of which supercon- 
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FIG. 1: Schematic T-x phase diagram for CeRhi-^Ir^Ins and 
T-P phase diagram for Celrlng2ii&±i . 



ducting phase the system belongs to. 



II. EXPERIMENTAL 

The high quality single crystals of Celrlns and 
CeRho.2lro.8l n 5 were grown by the self-flux method. We 
performed all measurements on samples with a typical 
dimension of ~ 1.0x2.0x0.1 mm 3 in the transverse ge- 
ometry for H || c and the current J || a. The Hall 
effect and transverse magnetoresistance were measured 
simultaneously. We obtained Hall resistivity from the 
transverse resistance by subtracting the positive and neg- 
ative magnetic field data. Hydrostatic pressure up to 
2.41 GPa were generated in a piston-cylinder type high 
pressure cell with oil as a transmitting fluid (Daphne 7373 
: petroleum ether — 1 : 1). The pressure inside the cell 
was determined by the superconducting transition tem- 
perature of Pb. 



III. RESULTS 

A. Resistivity 

Figures^a) and (b) show the temperature dependence 
of the resistivity p xx in zero field at several pressures 
for Celrln 5 and CeRho.2Iro.8ln5, respectively. The over- 
all feature of the temperature dependence for both com- 
pounds is typical in Ce-based heavy fermion compounds. 
On cooling from room temperature, p xx first decreases 
and then increases due to dominant Kondo scattering. At 
lower temperatures, p xx exhibits a metallic behavior after 
showing a broad maximum at around the temperature 
T co h, shown by arrows. T co h corresponds to the Fermi 
temperature of / electrons and the system becomes co- 
herent below T co h- T co h increases with pressure. The in- 
sets of Figs. (5][a) and (b) show the low temperature data 



of p xx for Celrlns and CeRho.2lro.8l n 5, respectively. The 
resistivities of Celrlns and Ceftho.2lro.8l n 5 are markedly 
different from the T 2 -behavior expected in Fermi liquid 
metals. At ambient pressure, p xx varies as 



rj-ia 



(1) 



with a ~ 1 for Celrlns and ~ 0.7 for CcRho.2Iro.sIn5. 
a increases with pressure for both systems and reaches 
- 1.4 at 2.4 GPa for Celrln 5 and - 1.3 at 2.19 GPa 
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FIG. 2: (a) Temperature dependence of resistivity for Celrlns 
at 0, 0.56, 0.98, 1.59, and 2.41GPa. (b) Temperature depen- 
dence of resistivity for CeRho.2Iro.sIn5 at 0, 0.49, 1.11, 1.50, 
and 2.19GPa. Insets are expanded views at low temperatures. 
Downarrows drawn in main panels indicate T co h at ambient 
pressure, where the resistivity shows a broad maximum. Open 
circles shown in the insets indicate the resistivity at T m where 
Rh shows a minimum. For detail, see the text in §.4. 



for CeRho.2lro.sIn5, indicating that the Fermi liquid be- 
havior is recovering by applying pressure. We note that 
these a- value is close to that reported in Ref. [24|- These 
temperature and pressure dependence of resistivities for 
Celrlns and CeRho.2Iro.sIn5 are very similar to those of 
CeCoIn 5 and CeRhIn 5 ^^ 



B. Hall effect 

Figures [3] depict the Hall resistivity p xy as a function 
of magnetic field at ambient pressure for Celrlns. The 
sign of p xy is negative. At low temperatures, p xy devi- 
ates from the iJ-linear dependence. Similar behavior is 
observed in CeRho.2Iro.sIn5- Figures QJa) and (b) show 
the temperature dependence of the Hall coefficient Rh in 
zero field limit defined as Rh = liniH->o -Tar at several 
pressures for Celrln 5 and CeRho.2Iro.sIn5, respectively. 
For comparison, Rh of Lalrln 5 , which has no /-electron 
and has similar band structure to Celrln5, is plotted in 
the same figure. For Lalrlns, Rh shows a shallow mini- 
mum at around 20 K and becomes nearly T-independent 
at low temperatures. The carrier number estimated from 
Rh ~ 3 x 10~ 10 m 3 /C for Lalrln5 at low temperatures 
corresponds to nearly three electrons per unit cell, which 
is consistent with the number expected from the band 
structure, indicating Rh — 1/ne where n is the carrier 
number. 

The Hall effect in Celrlns and CeRho.2Iro.sIn5 is dis- 
tinctly different from that in Lalrlns. The temperature 
dependence of Rh for Celrln5 and CeRho.2Iro.sIn5 is 
closely correlated with the resistivity. The down-arrow 
in Figs. 2] (a) and (b) indicates T co h at ambient pres- 
sure determined by the resistivity peak in Figs. 2(a) and 
(b), respectively. In the high temperature regime above 
T co h, Rh for Celrlns and CeRho.2Iro.sIn5 shows weak In- 
dependence. Well above T co h, Rh for both compounds 
well coincides with Rh of Lalrln5, indicating Rh — 1/ne. 
Below T^h, Rh for Celrlns and CeRho.2Iro.sIn5 de- 
creases rapidly with decreasing T. At lower tempera- 
tures, Rh increases after showing minimum at T m indi- 
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FIG. 3: Field dependence of p xy for Celrlns at ambient pres- 
sure. 
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FIG. 4: (a) Temperature dependence of Rh for Celrlns at 
several pressures (0 (•), 0.56 (■), 0.98 (A), 1.56 (♦), and 
2.41 GPa (t)) and for Lalrlns at ambient pressure (o). Rh 
is defined by the zero- field limit for derivative of p xy . Inset: 
Temperature dependence of Rh for Celrlns at (•), 1 (+), 
and 5 T (x) at ambient pressure. (b)Temperature dependence 
of Rh for CeRho.2Iro.sIn5 at several pressures (0 (•), 0.49 
(■), 1.11 (A), 1.50 (♦) and 2.19 GPa (▼)) and for Lalrlns at 
ambient pressure (o). Inset: Temperature dependence of Rh 
for CeRho.2Iro.8ln5 at (•), 1 (+), and 5 T (x) at ambient 
pressure. Down and up arrows in main panels indicate T co h at 
ambient pressure determined by the resistivity peak and T m at 
ambient pressure, where -R.tr shows a minimum, respectively. 



catcd by up-arrows in Figs. 0J a) and (b). With increasing 
pressure, T m increases and the enhancement of \Rh\ at 
low temperature regime is reduced for Celrlns. 

The insets of Figs. 0] (a) and (b) show the temperature 
dependence of Rh at pqH—0, 1, and 5 T at ambient pres- 
sure for Celrlns and CeRho.2Iro.sIn5, respectively. Rh is 
defined by a field derivative of p xy , Rh = dp xy /dH. The 
magnitude of Rh below T co h is strongly suppressed by 
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magnetic fields. 

We here comment on the effect of the skew scatter- 
ing. Usually, Rjj in heavy fermion compounds can be 
written by the sum of the ordinary Hall part R H due to 
Lorentz force and the anomalous Hall part R H due to 
skew scattering^ 



Rh =R 



H 



-n-fi 



H- 



(2) 



The magnitude of R H is often much larger than that of 
R H except for T < T coh and T > T coh . In most Cc- 
based heavy fermion systems, R H is positive in sign and 
shows a strong T-dependence, which is scaled by xPxx 
(Ref.|2a) or x^ At around T co h, R H shows a broad maxi- 
mum and its amplitude becomes much larger than l/|ne|. 
It it obvious that Rjj of Celrlns and CeRho.2Iro.sIn5 are 
very different from that expected from the skew scatter- 
ing. In fact, the sign of Rh is negative in the whole 
temperature regime. Moreover, Rjj is close to 1/ne at 
T ~ T co h- A slight increase of Rjj observed at T > T co h 
in the low pressure regime appears to come from small 
but finite contribution of the skew scattering. Thus 
the skew scattering contribution is small in Celrlns and 
CeRho.2Iro.8ln5 and the normal part of Hall effect is dom- 
inant. We also note that skew scattering is negligibly 
small in CeRhIn 5 and CeCoIn 5 i2ii22i2ii 

The Hall effect in Celrlns and CeRho.2Iro.sIn5 below 
T co h, particularly the enhancement of \Rh\ from |l/ne|, 
is distinctly different from that expected in the conven- 
tional metals. Such an enhancement has also been re- 
ported in CeCoIn5 and CeRhlns, and high-T c cuprates. 
There, it has been shown that the Hall problem can be 
simplified when analyzed in terms of Hall angle 0# = 



tan 1 ^ JL : cot&H well obeys a Independence, 



cot Q H = AT 2 



B. 



(3) 



where A and B are constants! 27 ! 28 ' 29 We here examine 
cot Qh for Celrln5. Figure[5]depicts cot 0# as a function 



of T 2 for Celrln 5 . In the all pressure regime, cot Qh well 
obeys a Independence, except for the low temperature 
regime, exhibiting a striking similarity with CeCoIn5 and 
CeRhlns, and high-T c cuprates. 



C. Magnetoresistance 

Figures [6] (a) and (b) show the magnetoresistance 
&Pxx/pxx(0) = (Pxx(H) - Pxx(0)) I Pxx{0) of Celrln 5 at 
ambient pressure and at P = 2.41 GPa, respectively. The 
magnetoresistance varies as Ap xx / p xx (0) ex H 2 at very 
low field (fioH < 0.2 T). At ambient pressure, the mag- 
netoresistance decreases with H at high fields below 5 K. 
This phenomena has also been observed in CeCoIn5 at 
ambient pressur o 21 ' 23 and is attributed to the spin-flop 
scattering. 

We here discuss the magnetoresistance in the conven- 
tional and unconventional metals. In conventional met- 
als, the magnetoresistance due to orbital motion of car- 
riers obeys the Kohler's rule, 



&Pxx{H) 
Pxx{0) 



F 



Pxx{0) 



(4) 



where F(x) is a function which depends on the details of 
electronic structure.— It has been shown that the mag- 
netoresistance in LaRhIn5 with similar electronic struc- 
ture but with weak electronic correlation well obeys the 
Kohler's rule. 23 We first test the validity of the Kohler's 
rule in the magnetoresistance of Celrln5. Figures [7]^ a) 




FIG. 6: Magnetoresistance of Celrlns as a function of H at 
(a) GPa and (b) 2.41 GPa. 
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FIG. 7: Kohler's plot. Ap xx /p xx (0) vs p o H/p xx (0) for 
Celrln 5 at (a)0GPa, and (b)2.41GPa. Modified Kohler's plot. 
Ap xx /p xx (0) as a function of tan 2 Qh for Celrlns at (c)OGPa 
and (d)2.41GPa. 



and (b) depict Ap xx /p xx (0) of Celrlns as a function of 
PoH/p xx (0) at and 2.41 GPa, respectively. The data 
never collapse into the same curve, indicating a violation 
of the Kohler's rule. 

A striking violation of the Kohler's rule has been re- 
ported in CeCoIns and CeRhlns, and high-T c cuprates. 
It has been shown instead that in these systems the 
magnetoresistance is well scaled by tan 2 Oh (modified 
Kohler's rule), where Oh = tan -1 ^^/ ' p xx ) is the Hall 
angle ZL2&2L 



Ap xx 
Pxx(0) 



oc tan Qh- 



(5) 



We then examine the validity of the modified Kohler's 
rule for Celrlns. In Figs.[7£c) and (d), the same data of 
magnetoresistance are plotted as a function of tan 2 Oh- 
For both cases, the data collapse into the same curve 
for three orders of magnitude, indicating that the mag- 
netoresistance well obeys modified Kohler's rule. The 
deviation from the modified Kohler's rule is observed at 
low temperature and high field region, possibly due to 
the spin-flop scattering. 



IV. DISCUSSION 



(i) The dc-resistivity shows non-quadratic depen- 
dence, p xx oc T a with a close to unity at ambient 
pressure. 

(ii) \Rh\ increases with decreasing temperature and 
reaches a value much larger than |l/ne| well below 
T co h- The Hall angle varies as cot0# oc T 2 . 

(iii) Magnetoresistance displays T- and H- depen- 
dence that strongly violates the Kohler's rule, 
Ap xx {H)/p xx (0) ^ F(p o H/p xx (0)). Magnetoresis- 
tance well obeys the modified Kohler's rule that in- 
dicates a scaling by the the Hall angle, Ap xx / p xx oc 
tan 2 6ff. 

It should be emphasized that all of these features bear 
striking resemblance to those observed in CeCoIns, 
CeRhlns, and high-T c cuprates. Therefore, it is natu- 
ral to consider that the transport properties commonly 
observed in Celrlns originate from the same mechanism. 

Our previous studies have shown that the anomalous 
features in the transport phenomena (i)-(iii) can be ac- 
counted for in terms of the recent theory in which the 
anisotropic inelastic scattering due to AF spin fluctua- 
tions are taken into account. In the presence of strong 
AF fluctuations, the transport scattering rate strongly 
depends on the position of the Fermi surface. Then the 
hot spots, at which the electron scattering rate is strongly 
enhanced by the AF fluctuations, appear at the positions 
where the AF Brilouin zone intersects with the Fermi sur- 
face. The presence of the hot spots has been confirmed 
in high-T c cuprates and Celn 3 , 32 Since the hot spot area 
does not contribute to the electron transport, it reduces 
the effective carrier density, which results in the enhance- 
ment of the \Rh\ from |l/ne|. In such a situation, various 
transport properties are determined by r co id, where T co \d 
is the scattring time of the cold spots on the Fermi sur- 
face, at which the electrons are less scattered. Moreover, 
it has been shown that the transport properties are mod- 
ified by the backflow accompanied with the anisotropic 
inelastic scatteringj 33 ' 34 i 35 ' 36 

According to Refs. 33,34,35,36, the transport proper- 
ties under magnetic fields are governed by the AF corre- 
lation length £af in the presence of backflow effect. Zero- 
field diagonal conductivity <J XX (0), Hall conductivity a xy 
and magnetoconductivity Aa xx (H) = a xx (H) — a xx (0) 
are given as 



&xx(0) ~ T co ld, 



^AF T cold 



r 2 

COli 



H. 



and 



i 



AF'cold 



H Z 



(6) 



(7) 



(8) 



Summarizing the salient features in the transport prop- 
erties of Celrlns below T co h, which corresponds to the 
Fermi temperature of / electrons, 



Here, we have dropped the higher terms with respect to 
TcoidH since Ap/ po ^ 1 in the present experiment, which 
suggests that the relation lu c t <^; 1 is satisfied. In the 



presence of AF fluctuation, £af depends on T as ^ 2 AF oc 
1/(T + 9), where 9 is the Weiss temperature. Moreover, 
according to AF spin fluctuation theory, T co \d is nearly 
inversely proportional to T; T co id oc 1/TM When T » 
9, we then obtain the temperature dependence of the 
resistivity, p xx — <r xx , Hall cocfhcient, Rh — u xy /<7 xx H, 
and the Hall angle as 



Pxx oc t „ ?j oc T, 



-l 

old 



and 



Rh oc £ af oc 



cot S H oc T 



r' 



By definition, the magnetoresistance is given by 



Ap xx {H) _ Aa xx (H) (o xy (H) 



p xx (0) 



0-^(0) 



0-^(0) 



(9) 



(10) 



(11) 



(12) 



Using the relation Aa xx (H)/cr xy (H) 2 ~ r co ] d , given by 
Eqs. (O and ©, the magnetoresistance is obtained as 



Ap xx (H) 

Pxx(0) 



(tan 6//) 



2 ( o xx {H) 

Vxx{$) 



(C-l), (13) 



where C is a constant and is ~ 10-100 for CeMIn5. Since 
o- X x(H)/a xx (0) ~ 1 at low fields, Ap xx (H)/p xx (0) is well 
scaled by tan 2 9 ff . Thus Eqs. ©, JTOJ), HI]), and JT3J re- 
produce the salient features of resistivity, Hall coefficient, 
Hall angle, and magnetoresistance observed in Celrlns, 
respectively. 

The -ff-dependence of Rh shown in the insets of 
Fig. IUa) reinforces the conclusion that the AF fluctua- 
tions govern the electron transport phenomena in Celrf n5 
(also in CeRho.2Iro.8ln5). The enhancement of \Rh\ be- 
low T co h is strongly suppressed by magnetic fields and 
approaches that of Rh of Lalrln5. This is consistent 
with the recovery of the Fermi liquid state in magnetic 
fields in Celrlns. Similar phenomena have also been re- 
ported in CeCoIns and CeRhlns , where the Fermi liquid 
state is recovered in magnetic fields by the suppression 
of AF fluctuations.— 

The upturn behavior of Rh for Celrln 5 and 
CeRho.2Iro.8ln5 at l°w temperatures below T m shown in 
Figs. H] (a) and (b) is also observed in CeCoIn 5 £L22£L 
This phenomenon can be explained by the reduction of 
backflow effect due to the effect of the impurity scattering. 
Below T m , isotropic impurity scattering becomes domi- 
nant and the backflow effect due to anisotropic scattering 
is relatively reduced i 22 ' 23 To obtain more insight into the 
impurity effect, we compare the resistivity values at T m . 
The small open circles in the insets of Figs. [H (a) and 
(b) indicate the resistivity at T m where Rh shows a min- 
imum. The values of the resistivity at T m are nearly pres- 
sure independent and close to ~ 5 /ificm and ~ 8 /if2cm 
in Celrlns and CeRho.2Iro.8ln5, respectively. We note 



that these values are close to the values of p xx at T m for 
CeCoIns. 

We here discuss the difference between Celrlns and 
CeCu2(Sii_ x Ge x )2- For CeCu2(Sii_ a; Ge a ;)2 in the sec- 
ond superconducting dome, anomalous behavior in trans- 
port and thermodynamic properties are observed near 
the pressure P Vl where T c shows a maximum. For in- 
stance, a in Eq. ([1]) approaches unity and residual re- 
sistivity po exhibits a maximum near P v . 18 For Celrlns, 
on the other hand, a approaches the Fermi liquid value 
at P ~ 3 GPa, where T c shows a maximum. More- 
over, the residual resistivity decreases with pressure as 
shown in the insets of Fig. which could be caused by 
the backflow or enhancement of impurity scattering near 
AF QCP.— These results indicate that there seems to be 
crucial differences in the transport phenomena between 
Celrln 5 and CeCu2(Sii_ x Ge x )2- 

The presence of the AF fluctuations in Celrlns has 
been reported by the measurements of the nuclear mag- 
netic resonance (NMR) relaxation rate T-j - . According 
to NMR results, AF fluctuations are strongly suppressed 
with pressure and there is no indication of the AF fluctu- 
ations at P > 1 GPa. 1 - The present results indicate that 
the transport measurements are more sensitive to the AF 
fluctuations than NMR experiments. 

We finally comment on the superconducting gap struc- 
ture in Celrlns . Recent measurements of the anisotropy 
of the inter- and in-plane thermal conductivity for 
Celrlns suggest a hybrid gap structure,— whose s ymm e- 
try is different from d x 2_ y 2 for CeCoIns fRefs. I38ll39ll4(j ) 
and (most probably) for CeRhlns. However, very recent 
thermal conductivity measurements under rotated mag- 
netic fields suggest that the superconducting gap struc- 
ture for Celrlns has d x i_ y i symmetry^ which implies 
that the AF spin fluctuations are important for the oc- 
curence of the superconductivity for Celrlns, which is 
consistent with the present work. 



V. CONCLUSION 

We have investigated the detailed electron transport 
properties by applying pressure in the normal state of 
CeRho.2Iro.8ln5 and Celrln 5 , which locates in the first 
and second superconducting dome, respectively. We ob- 
served striking non- Fermi liquid behaviors below T co h, 
including non-quadratic T— dependence of the resistiv- 
ity, large enhancement of the Hall coefficient at low tem- 
peratures (\Rh\ ^S> l/\ne\), and the violation of the 
Kohler's rule in the magnetroresistance Ap xx {H) / p xx ^ 
F(/j,qH/p xx ). Moreover, we showed that the cotan- 
gent of Hall angle cot Qh varies as T 2 , and the mag- 
netoresistance is quite well scaled by the Hall angle as 
Ap xx /p xx oc tan 2 0#. These non-Fermi liquid proper- 
ties, particularly the Hall effect, are suppressed by pres- 
sure and magnetic fields. The observed transport anoma- 
lies are common features of Celrlns, CeCoIns, CeRhlns, 
and high-T c cuprates. These results lead us to conclude 



that the non-Fermi liquid behavior observed in the trans- 
port properties in Cclrln 5 originates not from the Ce- 
valence fluctuations but from the low-lying excitation due 
to the AF fluctuations that still remain in the second 
dome away from the first dome in the proximity to the 
AF QCP. 



by a Grant-in- Aid for Scientific Reserch from the Min- 
istry of Education, Culture, Sports, Science and Tech- 
nology. 



Acknowledgment 

We thank H. Ikeda, K. Miyake and S. Watanabe for 
stimulating discussions. This work was partly supported 



* Present address: Department of Applied Physics, The 
University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-8656, 
Japan. 

f Present address: Department of Physics, University of the 
Ryukyus, Nishihara, Okinawa 903-0213, Japan. 

1 C. Petrovic, P.G. Pagliuso, M.F. Hundley, R. Movshovic, 
J.L. Sarrao, J.D. Thompson, Z. Fisk and P. Monthoux, J. 
Phys. Condens. Matter 13 L337 (2001). 

2 C. Petrovic, R. Movshovich, M. Jaime, P.G. Pagliuso, 
M.F. Hundley, J.L. Sarrao, Z. Fisk and J.D. Thompson, 
Europhys. Lett. 53 354 (2001). 

3 H. Hegger, C. Petrovic, E.G. Moshopoulou, M.F. Hundley, 
J.L. Sarrao, Z. Fisk and J.D. Thompson, Phys. Rev. Lett. 
84 4986 (2000). 

4 T. Tayama, A. Harita, T. Sakakibara, Y. Haga, 
H. Shishido, R. Settai and Y. Onuki, Phys. Rev. B 65, 
180504(R) (2002). 

5 V. A. Sidorov, M. Nicklas, P.G. Pagliuso, J.L. Sarrao, 
Y. Bang, A.V. Balatsky and J.D. Thompson, Phys. Rev. 
Lett. 89, 157004 (2002). 

6 A. Bianchi, R. Movshovich, I. Vekhter, P.G. Pagliuso and 
J.L. Sarrao, Phys. Rev. Lett. 91 257001 (2003). 

7 Y. Haga, Y. Inada, H. Harima, K. Oikawa, M. Murakawa, 
H. Nakawaki, Y. Tokiwa, D. Aoki, H. Shishido, S. Ikeda, 
N. Watanabe, and Y. Onuki, J. Phys. Soc. Jpn. 63, 060503 
(2001). 

8 R. Settai, T. Takeuchi, and Y. Onuki, J. Phys. Soc. Jpn. 
76, 051003 (2007). 

9 M. Nicklas, VA. Sidorov, HA. Borges, P.G. Pagliuso, 
J.L. Sarrao, and J.D. Thompson, Phys. Rev. B 70 
020505 (R) (2004). 

10 S. Kawasaki, M. Yashima, Y. Mugino, H. Mukuda, Y. Ki- 
taoka, H. Shishido, and Y. Onuki: Phys. Rev. Lett. 96 
147001 (2006). 

The increase of Ir substitution by 0.1 corresponds to ~ 0.4 
GPa. See Figs. 2(b) and (c) in Y. Mugino, S. Kawasaki, 
M. Yashima, H. Mukuda, Y. Kitaoka, H. Shishido, and Y. 
Onuki, J. Mag. Mag. Mat. 310, 584 (2007). 

12 L. D. Pham, Tuson Park, S. Maquilon, J. D. Thompson, 
and Z. Fisk, Phys. Rev. Lett. 97, 056404 (2006). 

13 G. -q. Zheng, K. Tanabe, T. Mito, S. Kawasaki, Y. Ki- 
taoka, D. Aoki, Y. Haga, and Y. Onuki, Phys. Rev. Lett. 
86 , 4664 (2001) 

14 S. Kawasaki, G.-q. Zheng, H. Kan, Y. Kitaoka, H. Shishido, 
and Y. Onuki: Phys. Rev. Lett. 94 037007 (2005). 

15 C. Capan, A. Bianchi, F. Ronning, A. Lacerda, J. D. 



Thompson, M. F. Hundley, P. G Pagliuso, J. L. Sarrao, 
and R. Movshovich, Phys. Rev. B 70, 180502(R) (2004). 

16 J. Paglione, M. A. Tanatar, D. G Hawthorn, E. Boaknin, 
R. W. Hill, F. Ronning, M. Sutherland, L. Taillefer, C. 
Petrovic, and PC. Canfield, Phys. Rev. Lett. 91, 246405 
(2003). 

17 T. Park, F. Ronning, H. Q. Yuan, M. B. Salamon, R. 
Movshovich, J. L. Sarrao, and J. D. Thompson, Nature 
440, 65 (2006) 

18 H.Q. Yuan, F.M. Grosche, M. Deppe, C. Geibel, G. Sparn 
and F. Steglich, Science 302, 2104 (2003). 

19 S. Watanabe, M. Imada, and K, Miyake, J. Phys. Soc. Jpn. 
75, 043710 (2006). 

2(1 A. T. Holmes, D. Jaccard, and K. Miyake, J. Phys. Soc. 
Jpn. 76, 051002 (2007). 

21 Y. Nakajima, K. Izawa, Y. Matsuda, S. Uji, T. Terashima, 
H. Shishido, R. Settai, Y. Onuki, and H. Kontani, J. Phys. 
Soc. Jpn. 73 5 (2004). 

22 Y. Nakajima, K. Izawa, Y. Matsuda, K. Behnia, H. Kon- 
tani, M. Hedo, Y. Uwatoko, T. Matsumoto, H. Shishido, 
R. Settai, and Y. Onuki: J. Phys. Soc. Jpn. 75 023705 
(2006). 

23 Y. Nakajima, H. Shishido, H. Nakai, T. Shibauchi, 
K. Behnia, K. Izawa, M. Hedo, Y. Uwatoko, T. Mat- 
sumoto, R. Settai, Y. Onuki, H. Kontani, and Y. Matsuda, 
J. Phys. Soc. Jpn. 76 024703 (2007). 

24 T. Muramatsu, T.C. Kobayashi, K. Shimizu, K. Amaya, 
D. Aoki, Y. Haga, and Y. Onuki, Physica C 388-389 539 
(2003). 

25 A. Fert and P.M. Levy, Phys. Rev. B 36, 1907 (1987). 

26 H. Kontani and K. Yamada, J. Phys. Soc. Jpn. 63, 2627 
(1994). 

27 TR. Chien, Z.Z. Wang, and N.P Ong, Phys. Rev. Lett. 
67, 2088 (1991). 

28 PW. Anderson, Phys. Rev. Lett. 67 2092 (1991). 

29 N.E. Hussey, Eur. Phys. J. B 31 495 (2003) . 

30 A.B. Pippard, Magnetoresistance in Metals (Cambridge 
University Press, Cambridge, 1989). 

31 J.M. Harris, YF. Yan, P. Matl, N.P. Ong, PW. Anderson, 
T. Kimura and K. Kitazawa, Phys. Rev. Lett. 75, 1391 
(1995). 

32 T. Ebihara, N. Harrison, M. Jaime, S. Uji and J.C. Lashley, 
Phys. Rev. Lett. 93, 246401 (2004). 

33 H. Kontani, K. Kanki and K. Ueda, Phys. Rev. B 59,14723 
(1999) 

34 K. Kanki and H. Kontani, J. Phys. Soc. Jpn. 68, 1614 



(1999). 39 Y. Matsuda, K. Izawa, and I. Vekhter, J. Phys.: Condens. 

H. Kontani, J. Phys. Soc. Jpn. 70, 1873 (2001). Matter 18, R705 (2006). 

H. Kontani, Rep. Prog. Phys. 71, 026501 (2008). 40 W.K. Park, L. H. Greene, J. L. Sarrao and J.D. Thompson, 

H. Shakeripour, M.A. Tanatar, S.Y. Li, C. Petrovic, and Physica C 460-462, 206 (2007). 

Louis Taillefer, Phys. Rev. Lett. 99 187004 (2007). 41 Y. Kasahara, T. Iwasawa, Y. Shimi zu, H. Shishido, 

K. Izawa, H. Yamaguchi, Y. Matsuda, H. Shishido, R. Set- T. Shibauchi, I. Vekhter,and Y. Matsuda. larXiv:0712.2"604l 

tai and Y. Onuki, Phys. Rev. Lett. 87 057002 (2001). 



